Bark of Evodiopanax innovans (Araliaceae) was subjected to membrane activity-guided extraction and chromatographic fractionation. The potency to interact with lipid membranes and change their fluidity was determined by measuring fluorescence polarization of liposomal and cell membranes. Plant preparations, including the MeOH extract and the specified fraction, reduced the fluidity of model biomembranes prepared with different phospholipids and cholesterol. Further purification led to the isolation of maltol 3-O-β-glucopyranoside, which inhibited tumor cell growth and platelet aggregation, together with rigidifying the cell membranes as well as the membrane-active antitumor compound (-)-epigallocatechin gallate and doxorubicin. The isolate at 100 μM and 1.0 mM showed growth inhibition of 13-49% against tumor cells cultured for 24 and 48 h. At 1.8-3.6 mM, it also produced 50% inhibition of platelet aggregation induced by collagen, adenosine 5'-diphosphate and thrombin. E. innovans is considered as a medicinal plant containing a potent bioactive constituent that exerts antiproliferative and antiplatelet effects through interaction with cell membranes to modify their fluidity. 5'-diphosphate; Tmax, maximal percent light transmission; AUC, area under curve; IC 50 , concentration to produce 50% inhibition.
In phytomedicinal research, plants of interest are usually subjected to extraction, fractionation, constituent purification and structure-activity relationship analysis, which are guided by pharmacologically relevant bioassays [1] . The probability of finding a natural drug lead is expressed by samples × biodiversity of samples × biodiversity of assays [2] . This means that the multiple-target bioassay applicable to a variety of pharmacological effects is more advantageous for finding bioactive substances than the single-target bioassay covering a confined pharmacological one. Conventional screening strategies have primarily consisted of bioassays focusing on the specific binding or affinity to functional proteins/receptors, the selective inhibition/activation of enzymes and the influence on particular chemical/biological reactions [3] .
Biomembranes, including cell membranes and membranous organelles, have been suggested to be a novel target for drug leads [4] . The ability to interact with membrane lipid bilayers is related to antitumor [5] , antimicrobial [6] , antiinflammatory [7] , antioxidant [8] and antiplatelet effects [9] . The membrane activity has been most frequently evaluated by the potency to interact with lipid membranes and change their fluidity [5, 8] . Such a membrane bioassay meets not only the biodiversity but also the methodological requirements like accuracy, reproducibility, simplicity and multisample analysis. The comparative intensity of membrane interaction would be a promising index for screening medicinal plants.
As part of our phytomedicinal surveys, we have examined various kinds of plant resources, including edible wild plants, by comparing their ability to change membrane fluidity, and consequently found bioactivity in Evodiopanax innovans (Araliaceae), which has been traditionally used as the material for "tempura" and sauce-dressed dishes. In the present study, we applied the membrane activity-guided screening strategy to E. innovans in order to evaluate its value as a medicinal plant beyond that of an edible plant by characterizing its membrane-mediated antiproliferative and antiplatelet effects.
The MeOH extract (50 μg/mL) rigidified model biomembranes to increase n-AS(P) polarization ( Figure  1 ). Membrane rigidification-guided chromatography provided active fractions 1 -3, although the other fractions 4 -7 were inactive. Fraction 2 was the most effective of the membraneactive fractions in rigidifying biomembranes, showing the largest changes in polarization.
When the membrane-active MeOH extract and fraction 2 were subjected to the cell culture experiment, both almost completely inhibited the growth of tumor cells cultured for 24 and 48 h ( Table 1) . Further purification of fraction 2 led to the isolation of maltol 3-O-β-glucopyranoside (MG, see Figure 2 ), which was structurally identified by comparison of its spectral data with those reported previously [10, 11] . 1 MG showed antiproliferative effects similarly to the antitumor drug references: EGCG and doxorubicin (Table 1) .
When culturing tumor cells in the presence of MG for 48 h, MG rigidified the cell membranes and increased n-AS(P) polarization at the antiproliferative concentrations as well as EGCG and doxorubicin ( Figure 3 ). The relative polarization changes to control values were 1.32 ± 0.20% for 2-AS (P < 0.05, vs. control) and 3.23 ± 0.59% for 6-AS (P < 0.01) at 100 μM MG, and 5.84 ± 0.69% for 2-AS, 11.78 ± 1.43% for 6-AS, 10. 0.89% for 12-AS and 9.93 ± 0.97% for 16-AP (P < 0.01 for all) at 1.0 mM MG. These data indicated that MG interacted with both the hydrophilic and the hydrophobic regions of membrane lipid bilayers. Compared with the membrane effects of EGCG and doxorubicin [12] , MG tended to act on the surface more intensively than the center of cell membranes.
Plasma membranes of many types of tumor cells are more fluid than those of their normal counterparts because the compositional phospholipids are increasingly unsaturated and the cholesterol content is decreasingly changed [13, 14] . Membrane fluidization is closely related to the abnormally enhanced proliferation and metastasis of tumor cells [15, 16] . Membrane-rigidifying agents restore the fluidized membranes of tumor cells and inhibit their proliferation [5, 12] , whereas membrane fluidizers enhance cell growth and DNA synthesis [17] . MG induced the fluidity reduction of liposomal and cell membranes, which not only counteracts the enhanced membrane fluidity of tumor cells [15, 16, 18] , but also is correlated to the modulation of carcinogen-relating enzyme activity, the antioxidant action and the induction of apoptosis [5, 19, 20] . The interaction with lipid membranes is very likely to underlie the antiproliferative effects of MG in a way similar to those of membrane-active antitumor drugs and phytochemicals [4, 5, 8, 12] . A feature of MG in membrane interaction is attributed to its structure in which the glucopyranose and 2-methyl-4-pyrone moieties produce hydrophilicity and hydrophobicity, respectively. The partially hydrophilic structure would contribute to the preferential action of MG on the surface of cell membranes. Membrane-active MG also inhibited platelet aggregation induced by collagen, ADP and thrombin, but not that by epinephrine ( Table 2 ). It showed IC 50 s of 2.22 ± 0.13 mM for Tmax, 1.82 ± 0.06 mM for AUC and 2.50 ± 0.46 mM for slope in collageninduced aggregation. The IC 50 s for Tmax and AUC were 2.29 ± 0.09 and 1.78 ± 0.09 mM in ADPinduced aggregation, and 3.60 ± 0.37 and 2.86 ± 0.19 mM in thrombin-induced aggregation.
The diversity of such antiplatelet effects suggests the common mode of action on membrane structures, but not the mechanism through adrenergic receptors. Membrane fluidity is one of the important factors regulating the function of platelets [21] . Several drugs and phytochemicals influence the aggregatory activity of platelets by altering their membrane fluidity [9, 22, 23] . The membrane-rigidifying agent, doxorubicin [24] , inhibits collagen-and ADPinduced platelet aggregation [25] . The lipid membrane interaction appears to be responsible for the antiplatelet effects of MG.
The ability to interact with lipid bilayers and modify the membrane physicochemical property is associated with a variety of pharmacological activity. The membrane-mediated effects have been found in various plant constituents, including flavonoids [8] , catechins [22] , allyl sulfides [23] , capsaicinoids [26] , stilbenes [27] and curcumin [28] . MG is also considered to belong to such membrane-active natural products.
The biodiversity of membrane interaction may provide E. innovans with medicinal potentials other than antiproliferative and antiplatelet activity. Maltol and its ethyl derivative act on bacterial cell membranes to increase the antibacterial effect of nisin [29] . While the membrane fluidity change is associated with antioxidant action [5] , MG and its aglycone show antioxidant [30] and free radical scavenging effects [31] . Maltol as an antioxidant is also effective in inhibiting the apoptosis induced by peroxides, suggesting its neuroprotective activity against oxidative damages [32] .
E. innovans is referred to not only as an edible wild plant but also as a medicinal plant showing antiproliferative and antiplatelet effects through interaction with cell membranes to modify their fluidity. While the bioactivity of MG is not necessarily as great as that of membrane-active drugs [5, 12] , its moderate effects may be favorable for the functionality of an edible plant rather than strong drugs.
Experimental

Chemicals:
Phospholipids: 1-palmitoyl-2oleoylphosphatidylcholine (POPC), 1-palmitoyl-2oleoylphosphatidylethanolamine (POPE) and 1stearoyl-2-oleoylphosphatidylserine (SOPS) were purchased from Avanti Polar Lipids (Alabaster, AL, USA).
Cholesterol and doxorubicin were obtained from Wako Pure Chemicals (Osaka, Japan), and (-)-epigallocatechin gallate (EGCG) from Funakoshi (Tokyo, Japan). Fluorescent probes: 2-(9-anthroyloxy)stearic acid (2-AS), 6-(9anthroyloxy)stearic acid (6-AS), 9-(9-anthroyloxy) stearic acid (9-AS), 12-(9-anthroyloxy)stearic acid (12-AS) and 16-(9-anthroyloxy)palmitic acid (16-AP) were obtained from Molecular Probes (Eugene, OR, USA). All other chemicals were of the highest grade available commercially.
Plant material:
The bark of E. innovans was collected at Mino, Gifu, Japan. A voucher specimen of the plant has been deposited with the Herbarium of Gifu Pharmaceutical University (Gifu, Japan).
Extraction and purification:
The air-dried bark of E. innovans (250 g) was extracted with MeOH (1 L × 3) at room temperature for 3 days and the solution was dried in vacuo. The extract (12 g) was subjected to Chromatorex ODS chromatography (Fuji Silysia Chemical, Kasugai, Japan) eluting with MeOH-H 2 O (1:4, v/v) to yield seven fractions (1 -7) . Fraction 2 was chromatographed over a Sephadex LH 20 column (Pharmacia, Uppsala, Sweden) eluted with MeOH, followed by preparative TLC. The eluate was spotted onto a 0.5-mm-thick silica gel plate (Kieselgel 60 F254; Merck, Darmstadt, Germany) and developed in EtOAc-CHCl 3 -MeOH-H 2 O (20:10:12:5, v/v/v/v), resulting in the isolation of an active compound (55 mg, colorless solid).
Membrane fluidity: Liposomal model biomembranes (total lipids of 0.14 mM) were prepared by the previous method [33] with POPC (48.0 mol%), POPE (24.0 mol%), SOPS (8.0 mol%) and cholesterol (20.0 mol%) to reflect the composition of major lipids in tumor cell membranes [14] . The DMSO solutions of the MeOH extract and chromatographic fractions were added to liposomal suspensions in 10 mM Tris-HCl buffer (pH 7.4, containing 100 mM KCl, 0.1 mM dithiothreitol, 0.1 mM EDTA and 7.5 mM sodium azide) to give a final concentration of 50 μg/mL for each. The concentration of DMSO was adjusted to be less than 0.5% (v/v) in the total volume so as not to influence the membrane fluidity of liposomes. After incubation at 37ºC for 30 min, liposomal membranes were labeled with 2-AS, 6-AS, 9-AS, 12-AS or 16-AP by the previous method [34] . The changes of membrane fluidity were determined by measuring fluorescence polarization using an RF-540 spectrofluorometer (Shimadzu, Kyoto, Japan) equipped with polarizers under analytical conditions reported previously [33] . Compared with controls (treated with DMSO vehicle), the increase of polarization values means the reduction of membrane fluidity (membrane rigidification). Since the used probes, n-(9-anthroyloxy) fatty acids (n = 2, 6, 9, 12, 16) , selectively locate at a graded series of levels in lipid bilayers, fluorescence polarization reflects the fluidity gradient extending from the surface to the center of membranes with an increase of n.
Cell culture: The antiproliferative effects on tumor cells were determined as reported previously [12] . In brief, mouse myeloma cells (Sp2/O-Ag14) were suspended in Dulbecco's modified Eagle's media supplemented with 10% (v/v) fetal bovine serum (ICN Biochemicals, Aurora, OH, USA) at 2.5 × 10 5 cells/mL. The DMSO solutions of the MeOH extract (final concentration: 500 μg/mL), fraction 2 (500 μg/mL), isolate (100 μΜ and 1.0 mM), EGCG (100 μM) and doxorubicin (10 μM) were added to the cell suspensions, followed by culturing at 37ºC in a humidified 5% CO 2 atmosphere. An appropriate volume (0.5%, v/v) of DMSO vehicle was added to the corresponding controls. After culture for 24 and 48 h, the number of viable cells was counted and compared with the control values to obtain the cell growth inhibition (%).
An aliquot (2 mL) of cell cultures was also collected after 48 h culture. The cells were washed twice with and suspended in phosphate-buffered saline (pH 7.4) at 5.0 × 10 4 cells/mL. They were labeled with n-AS(P), and then the fluidity changes of cell membranes were determined as described above.
Platelet aggregation:
The antiplatelet effects were examined as reported previously [35] . In brief, the aggregation of human platelets was assayed using platelet-rich plasma (PRP, 300000/μL) and plateletpoor plasma (PPP) by a 601 Hema Tracer aggregometer (Niko Bioscience, Tokyo, Japan), which monitored an increase of percent light transmission (% T) at a wavelength of 660 nm with time, where PPP was 100% T, and unstimulated PRP was 0% T. The aqueous DMSO solutions of the isolate (final concentration: 0.625-5.0 mM) were added to PRP. The concentration of DMSO in PRP was less than 2.5% (v/v) so as not to influence the aggregatory activity of the platelets. After 1 min, the aggregation of PRP was induced by adding collagen (final concentration: 2.5 μg/mL), adenosine 5'diphosphate (ADP, 3.0 μM), thrombin (0.625 U/mL) or epinephrine (2.0 μg/mL). The time of inducer addition was defined as 0 min. Maximal % T (Tmax), area under curve (AUC, from 0 to 5 min) and slope of aggregation responses were calculated from the recorded aggregograms. The concentration to produce 50% inhibition (IC 50 ) was determined by Tmax, AUC and slope, which were obtained from the sample solutions serially diluted 2-fold.
Data analysis:
Results are expressed as mean ± SE (n = 5-7, 4-5 and 4-6 for liposome, cell culture and platelet experiments, respectively). Data were statistically analyzed by Student's t-test (StatView 5.0; SAS Institute, Cary, NC, USA). P values < 0.05 were considered significant.
